Introduction Background
Carbon nanotubes (CNTs) filled with magnetic atoms demonstrate very high potential in providing modified magnetic properties, low dimensionality, and small volume that open possibilities for many applications. Recently, CNTs have been considered for applications in fuel cell technology -as catalyst support in the oxygen reduction reaction (ORR) in the cathode of the proton exchange membrane fuel cell (PEMFC) [1] [2] . However, the role of hydrogen peroxide formation is an important part of the characterization of novel cathode catalysts [3] . Moreover, it has been found that pristine semiconducting single-walled CNTs (SWNTs) are selectively oxidized when treated with hydrogen peroxide [4] .
Fe-filled SW Ts
We have previously done theoretical studies on the effects of Fe in SWNTs. In particular, the diameter dependency of the magnetic and electronic properties of Fe-filled SWNT has been clarified [5] . In addition, Fe-filled SWNTs were found to transform into an arch-like structure when Fe is near a Ni(111) surface [6] [7] [8] [9] . For this study, we consider Fe-filled SWNTs as possible catalyst material for the ORR in the PEMFC. Therefore, it is of importance to take into account its interaction with hydrogen peroxide.
Objectives
The main objective of the study is to investigate the adsorption of hydrogen peroxide on Fe-filled SWNT. Specifically, the study aims to compare the adsorption energies of hydrogen peroxide on pristine and Fe-filled SWNT. Also, we would like to further investigate the presence of energy barriers related to the dissociation of hydrogen peroxide into a pair of hydroxyl radicals and to find the most stable structures for the adsorption of these radicals on the CNT surface.
Computational Method Theoretical Model
Reactions of the following systems with hydrogen peroxide were investigated: (3,3) pristine SWNT, and (3,3) Fe-filled SWNT. Three kinds of adsorption sites for hydrogen peroxide were taken into account: top (T) site, bridge (B) site, and hollow (H) site. The unit cell for (3,3) Fe-filled SWNT is shown in Fig. 1 . 
Computational Parameters
The adsorption possibilities for hydrogen peroxide molecules on the SWNTs were examined by obtaining the total energy of each system as a function of the molecule's distance from the SWNT surface through static and fully-optimized single-point energy (SPE) calculations. Spin-polarized density functional theory calculations were implemented within the plane wave and pseudopotential method [10] . The Brillouin zone was sampled using 35 k-points along the nanotube axis. Generalized gradient approximation (GGA) was used for the exchange-correlation energy.
Results and Discussion

Static SPE Calculation
The results from the static SPE calculations (Table 1) show that there is no significant difference between the minimum energies (E P ) and the equilibrium distances (R) between the (3,3) pristine and Fe-filled SWNTs.
Optimization at the equilibrium distances and the low adsorption energy values obtained indicated that the hydrogen peroxide molecules were molecularly adsorbed on the SWNTs (physisorption). 
Fully-optimized SPE Calculation
On the other hand, the results from the fully-optimized SPE calculations (Table 2 ) revealed two local minima for the energy separated by a small barrier of around 30-50 meV. The second lowest minimum energy corresponds to the physisorption energy by analogy with the static SPE calculation. The optimized structure from the lowest minimum energy indicated dissociative chemisorption wherein the hydrogen peroxide molecule has dissociated into a pair of hydroxyl radicals and adsorbed on the SWNT surface. The optimized structures started from the H-site adsorption were found to be the most stable for both pristine and Fe-filled cases, and the hydroxyl units were adsorbed onto opposite T-sites (Fig. 2) . The results showed that the some C-C bonds of Fe-filled SWNT were broken. Since (3,3) Fe-filled SWNT had been found to be semiconducting in a previous study [5] , the optimized structures obtained here are consistent with the selective oxidation of semiconducting CNTs found by experiments on pristine CNT [4] .
Conclusions
The adsorption of hydrogen peroxide on (3,3) pristine and Fe-filled SWNT involves both physisorption or molecular adsorption, and dissociative chemisorption after overcoming a small dissociation energy barrier. Adsorption of hydroxyl radicals on the semiconducting (3,3) Fe-filled SWNT resulted in bond-breaking of the C-C bonds on the CNT surface. This means that the selective oxidation of pristine CNTs by hydrogen peroxide may be applicable to Fe-filled CNTs as well. 
